H eart failure (HF) is a chronic condition associated with significant mortality, morbidity, and high rates of healthcare utilization, 1,2 mostly attributable to emergent care and hospitalizations. 3 As the number of patients with HF increases due to an aging population, rising prevalence of risk factors, and improved survival of acute cardiovascular events, older adults with HF have an increased burden of both cardiac and noncardiac comorbidities that complicate HF management, increase health utilization, and adversely impact outcomes. 4 Consequently, significant research and quality improvement efforts have been directed at reducing the demand for acute services and improve overall outcomes. 4, 5 One prominent area of HF quality improvement research has focused on understanding the patient and system factors that lead to emergency room (ER) visits and hospitalizations for acute decompensated heart failure (ADHF). Over the past decade, the number of patients managed in the ER for ADHF has increased substantially 6 with a proportional rise in health system costs. 7, 8 Importantly, one third of patients with HF frequently use the ER and account for over half of all ER visits for ADHF. 9 More recently, there has been a heightened awareness in frequent users of the ER for ADHF, because of both the system costs associated with frequent use of acute services and the associated mortality burden shortly after discharge. 10, 11 Previous research has examined ways to risk stratify patients with HF presenting to the ER, particularly to understand the risk of repeat ER visits, hospitalization, or death. 12 One aspect of this patient population that has not been examined is the subset of patients with HF who present to the ER multiple times within a short time frame after discharge. In this study, we describe the patient and system factors associated with patients with HF who have a clustered set of ER visits, and compare patient outcomes to those patients with HF who presented to the ER but did not have clustered visits. We hypothesize that patients with HF with clustered ER visits, defined as those patients seen in the ER more than 3 times in a 6-month period, have higher mortality than those without clustered visits.
Methods
Due to Ontario privacy laws and Institute for Clinical Evaluative Sciences regulations, the data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure. This study was approved by the Sunnybrook Research Ethics Board. Informed consent was waived.
Data Sources
The administrative databases linked in this study include the Canadian Institute for Health Information for hospital admissions and day surgery; the National Ambulatory Care
Reporting System for all records of emergency room visits; the Ontario Health Insurance Plan claim database for outpatient physician visits; the Ontario Drug Benefit program for outpatient medication claims for those 65 years old and older; and the Registered Person Database providing basic demographic data on all individuals. Data were linked using unique encrypted patient identifiers and analyzed at the Institute for Clinical Evaluative Sciences in Toronto, Ontario.
Study Population
Because of the universal health coverage in Ontario, administrative data for hospital admissions, emergency visits, and physician outpatient services are complete and linkable through unique encrypted patient identifiers. Prescription claims are available for those over 65 years old through the Ontario Drug Benefit Database. Other linkage with the Registered Person Database provides demographic information such as birth/death dates, sex, neighborhood income quintile, and rurality.
We conducted a retrospective population-based analysis of all ADHF patients admitted during the period April 1, 2003, to March 31, 2014. Patients with a main diagnosis of ADHF (International Classification of Diseases, Tenth Revision, [ICD-10] code as "I50") who were residents of Ontario, Canada, and aged between 18 and 105 years old were included in the cohort of interest. We excluded those patients with elective admission, invalid health card, length of hospital stay for acute ≤1 day, or whose death occurred before or during index hospital stay. To capture the first presentation for HF, patients who had a history of ADHF-related hospitalizations within 5 years before index hospitalization were also excluded. For the purpose of cohort generation, if recurrent hospitalizations took place within 180 days of index hospital discharge, only the first hospitalization was used (index event). Figure 1 depicts the cohort flowchart, and Figure S1 shows the cohort derivation process.
Outcomes and Definitions
The outcome of interest was time to death conditional on 6-month survival. Mortality was determined by linking to the Registered Person Database for all deaths until the end of follow-up, March 31, 2015; survival time was calculated from 6 months after index discharge to day of death or end of follow-up, whichever occurred first.
The main exposure was clustered ER visits, defined a priori as having at least 3 ER visits for any reason within 6 months of index hospital discharge. This was defined in previous research on ER utilization among patients with HF. 9 Reasons for each of the clustered ER visits were also recorded and specified.
Clinical Perspective
What Is New?
• Clustering was defined as 3 or more hospitalizations within a 6-month period.
• Clustering encompasses complex interactions among individuals, their biology, and the healthcare system. • The hazard of death was significantly higher for patients with clustered visits than for patients without clustered visits.
What Are the Clinical Implications?
• Clustering better defines a subset of patients at increased risk of adverse outcomes.
• Clustering is a simple yet robust risk stratification tool when assessing patients in the ER.
• Patients with clustered visits represent a vulnerable population that might benefit from dedicated healthcare resources.
• The management of patients with clustering ER visits should include a multidimensional understanding of the associated comorbidities.
• Clustering rates can be used as a potential target of interventions for quality improvement initiatives in the field.
Hospital volume
Hospital age and sex-standardized admission rates were calculated as described previously. 13 The institutions were divided into tertiles representing low, medium, and high admissions rates.
Statistical Analysis
Comparison of baseline characteristics between patients with clustered and nonclustered ER visits was carried out by Pearson's chi square test for categorical variables and ANOVA or Kruskal-Wallis test for continuous variables. Kaplan-Meier curves were plotted to compare time to death between these 2 groups using the log-rank test. The odds ratios of predictors of clustered ER visits were analyzed by univariate logistic regression, and the survival analysis was conducted by multivariable Cox proportional hazard models with adjustment for age, sex, and clustered ER visits along with 22 covariates in the Krumholz 14 model, including cardiovascular and other comorbidities in the past 5 years before index hospitalizations. All analyses were performed using SAS version 9.3 (SAS Institute, Cary, NC) in a UNIX environment. P ≤0.05 was considered significant.
Results

Patients Characteristics
Between 2003 and 2014 a total of 229 517 hospitalizations for HF were identified, which corresponded to 142 443 unique patients; of these, 156 707 visits (68.3%) were excluded, Figure 1 depicts the cohort flow chart. After exclusion rules were applied, a total of 72 810 individuals remained alive 6 months after their incident HF admission, of these, 10 973 (15.1%) had clustered visits. The mean age of the cohort was 75.68 years (AE12.37). Compared to nonclustered patients, patients with clustered ER visits tended to be slightly younger and more likely to be male. Clustered patients had higher rates of both cardiac and noncardiac comorbidities, and particularly had a higher rate of coronary artery disease, diabetes mellitus, chronic renal failure, peripheral vascular disease, and major psychiatric disorders than nonclustered patients. Patients who clustered were also more likely to have a rural residence (20.5% vs 13.6%; P<0.001) and less likely to have a primary care provider than nonclustered HF patients (53.6% vs 59.8%; P<0.001). Patients with clustered HF visits were also more likely to present to smaller hospitals (8.9% vs 4.7%; P<0.001), with low volumes of HF visits (6.6% vs 3.4%; P<0.001). Table 1 describes the remaining baseline characteristics of the cohort. Table S1 .
Overall, 4783 (43.6%) patients had non-HF-related presentations to the ER in the 6 months after index presentation. Noncardiovascular visits accounted for more than two thirds of ER presentations when clustering was present during the study window. 
Predictors of Clustering
Unadjusted and Adjusted Outcomes
In patients who survived 6 months past the index ER visit, mortality was significantly higher in those with clustering compared to no clustering (Figure 2 ). The unadjusted hazard of death was significantly higher for patients with clustered visits (hazard ratio [HR] 1.43; 1.4-1.47; P<0.0001). The ageand sex-adjusted hazard of death for clustered patients compared to nonclustered was significantly higher (HR, 1.51; 95% CI, 1.47-1.55; P<0.0001). Table 3 shows the adjusted mortality using the Krumholz model. The mortality for clustered patients was significantly higher for clustered vs nonclustered patients with HF (HR, 1.39; 95% CI, 1.36-1.43; P<0.0001).
Discussion
Patients with HF who frequently use acute care services are known to have a poor prognosis and have thus become a focus for quality improvement initiatives designed specifically to reduce HF readmissions. 15 Real-world patients with HF are afflicted by multiple comorbidities, 16 including many noncardiac comorbidities that negatively impact outcomes. While it is well known that patients with HF presenting to the ER have high short-term mortality after discharge, 11 the outcomes of patients with HF with repeated ER visits within a short period are not known. In this large, population-based study, we found patients with HF who presented to the ER more than 3 times in a 6-month period had a higher burden of both cardiac and noncardiac comorbidities and had a significantly higher mortality rate than patients with nonclustered visits for HF, even when adjusting for patient comorbidities. This study looked at a highly select subset of the population, those with a previous HF hospitalization in the preceding 5 years or rehospitalization within 6 months after index visit were intentionally excluded in order to avoid the confounding effect of recurrent hospitalizations on mortality risk. 17 In our cohort, this group still represented %30% of hospitalizations.
Our results build on previous work, suggesting that patients with HF presenting to the ER are high risk. [17] [18] [19] Prior work has shown that hospitalized patients with HF had high mortality and morbidity and consumed significantly more healthcare resources, 20 with the main driver being repeated ER visits and hospitalizations. Despite the known risk in this cohort of patients, about one third of patients with HF are discharged from the hospital, with a wide degree of variation in the admission rate of patients with HF. 8, 13 The impact of multiple ER visits and admissions is significant. Patients discharged from the ER who had multiple prior admissions for HF had an increased risk of mortality, which increased independently with each event. 21 Our study adds to the literature, as we have identified a subset of patients who have multiple ER visits within a short period of time that have a significantly higher mortality rate. Clustering of ER visits may represent an additional risk factor for clinicians to be mindful of, when making management decisions in the ER, independent of the reason for the ER visit. Several important considerations are worth mentioning. Not surprisingly, the clustered patients exhibited a significantly higher proportion of comorbidities than nonclustered patients, including noncardiac conditions and mental health disorders. In addition, most ER visits made by patients with HF resulted from noncardiac conditions, suggesting that the burden of comorbidities may have led to increased ER use, but also that outcomes were worse irrespective of the reason for the ER visit. Clearly, addressing HF alone is not sufficient to address this issue, and understanding the reasons underlying the phenomenon of recurrent ER visits is key in implementing interventions for this high-risk population.
Moreover, clustered patients were more commonly seen at smaller and more rural hospitals. While one may conclude that higher ER use could be a manifestation of healthcare system failure that reflects poor access to primary care in these smaller communities, it is important to highlight that clustered patients were more often seen by a general practitioner and specialist in the year preceding their index event; furthermore, 94.6% of patients with clustered visits versus 92% of those without clustered visits had at least one visit to a general practitioner following index presentation. Alhough this is not proof of an appropriate primary care network, it does reflect the complexities around the care of patients with multiple ER visits where patient-and systemrelated factors play a role in shaping outcomes for patients with HF and multiple comorbidities. Prior literature has also shown that rural hospitals are often used to accessing primary care for patients with coronary disease with no difference in outcomes, however, in this case, mortality was higher for patients with HF. 22 Further research into the drivers of ER utilization for patients with HF in these communities is warranted to understand if repeated ER visits indicate a gap in quality of care. Given the poor outcomes associated with repeat ER visits and readmissions for HF, better strategies of risk stratification in the ER have been developed. 4, 23 One of these, the Emergency Heart Failure Mortality Risk Grade, combines multiple point-of-care clinical parameters to guide admission decisions in the ER. This risk score has now been turned into an online calculator to assist ER physicians in assessing risk for a single HF visit. 12 From the clinical perspective, identification of clustering through history taking is a simple and reliable way to risk stratify patients with HF as potentially high risk. Identifying clustering could be a useful addition to current HF risk calculators by emergency physicians, and strategies to better assess and manage these complex patients in the community have the potential to significantly improve outcomes. At the systems level, identification of population at risk can lead to important redesign of healthcare systems directed at allocating resources where they are needed most. Our study should be interpreted in the context of some notable limitations: First and foremost, the definition of "clustering" was based on clinical experience and prior published research where it was felt that this definition would capture patients at real risk and at the same time avoiding "statistical noise" if fewer number of visits had been chosen. 9 As a result, this is a highly select population representing only 30% of all HF hospitalizations in our cohort and as such limits generalizability. Importantly, however, we were able to demonstrate an independent effect of clustering on mortality risk and a potential target for intervention.
Our database lacked granularity in important clinical variables such as vital sign variables, biomarkers, or ejection fraction, which are known to influence risk stratification. Although we examined the role of several patient characteristics, as well as socioeconomic and access-related factors, other unmeasured variables may have influenced the results of our analysis. The drivers for increased ER visits may vary between jurisdictions and reflect local circumstances. The results and conclusions from this study are relevant to the Canadian context, where universal health care is the norm, but may not be applicable in other settings. On the other hand, the homogeneity of the population in a contemporary cohort of patients as well as robust statistical methods and adjustment for a well-established risk adjustment model are important strengths in this study. The findings of this study add to the armamentarium of risk prediction tools in HF and enable further research in this field.
In conclusion, clustering, a novel concept described here as patients who present 3 or more times to the ER within 6 months of an index heart failure hospitalization, was associated with a higher hazard of death. Future research into the strategies to better manage patients with complex HF with recurrent ER visits is warranted.
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